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Abstract. Recent work in the design of agent interaction protocols has focused
on applications involving dialectical argumentation — the giving and receiving of
reasons for statements. Yet the most widely-known language for agent communi-
cations — the FIPA ACL — lacks locutions for such argument. Drawing on both
speech act theory and the philosophy of communicative action, we first present a
novel typology of speech acts for agent communications. We use this as the basis
for proposing an interaction protocol, called Fatio, comprising five locutions we
consider necessary for argumentation, and which may be added to the FIPA ACL.
Both an axiomatic and an operational semantics for the Fatio Protocol are given.

1 Introduction

The last decade has seen considerable attention devoted to designing generic communi-
cation languages for agent interactions. The most widely-known of these languages is
the Foundation for Intelligent Physical Agents’ Agent Communication Language (FIPA
ACL) [7]. Although the leading standard, FIPA ACL has been criticized on several
grounds, for example: that it requires co-operative agents and sincerity [20]; that its
axiomatic semantics SL cannot be verified in open systems [28]; that specific locutions
have inappropriate semantics [20]; and that it does not readily facilitate the expression
of self-transformation, the process by which agents change their beliefs, preferences or
intentions as a result of their interactions with one another [17].

This paper will address another criticism previously made of the FIPA ACL: that
it encodes an impoverished theory of argumentation [17]. Agents participating in a di-
alogue using FIPA ACL have only limited means to question or contest information
given to them by others; indeed, there are even limitations on what information may
be confirmed [20]. Moreover, the semantics defines the post-conditions of utterances
only in terms of their effects on the mental states of hearers; there are no rules concern-
ing combinations of locutions, or the dialectical obligations of the participants, such as
requiring questions to be answered, or requiring that assertive statements be justified



when challenged. In part, this weakness is due to the implicit assumption of the partici-
pants being co-operative; fully co-operating agents, presumably, do not lie, obfuscate or
prevaricate. In part also, the lack of a rich argumentation structure is due to a semantics
defined without reference to time and only in terms of single locutions, rather than in
terms of conversations or protocols [20, 26].

From the perspective of a designer of an open agent system comprising intelligent,
autonomous and self-interested agents the absence of a sophisticated and explicit ar-
gumentation theory for the agent interaction protocol is a serious obstacle. In open
systems, the beliefs of agents may not coincide, and so their interactions will require di-
alogues involving information seeking, information provision, mutual inquiry and per-
suasion; similarly, their intentions may also not coincide, and so their interactions will
require dialogues involving persuasion, commands, negotiation and deliberation [27].
This need explains the recent attention given in the multi-agent systems literature to the
design of protocols for argument-based interaction, eg, [1, 13, 14]. Indeed, even in mod-
els of decision-making by a single agent the essential role of argument-based reflection
and evaluation has recently been emphasized, e.g., [23].

But no widely-accepted locutions or protocols yet exist for the requesting and pro-
viding of reasons for beliefs and intentions between software agents. The main contri-
bution of this paper is to propose a set of locutions which serve precisely this purpose.
These locutions are presented in the form of an interaction protocol, the Fatio protocol
(Section 3), which may be used by a system designer as a stand-alone protocol or may
be incorporated into other protocols and ACLs, such as FIPA ACL. The definition of
the protocol is undertaken within a novel typology of speech acts, which we propose
in Section 2. An axiomatic and an operational semantics for the protocol are given in
Section 4. An example application is presented in Section 5, and the paper concludes
with a discussion in Section 6.

2 'Types of Speech Acts

Before presenting our argumentation protocol, we first present a syntactic classification
of agent speech acts, based on the earlier classifications of John Austin [2], John Searle
[22] and Jiirgen Habermas [10]. Both Austin and Searle developed their classifications
at a time when the prevailing approach to the semantics of propositions in the philos-
ophy of (human) language was truth-conditional. Under this semantics, due originally
to Gottlob Frege and Alfred Tarski, if an agent A claims to believe some proposition
P, then the relevant semantic question is: “Is P true?” This view of meaning has been
criticized, most prominently by Michael Dummett [5] and Crispin Wright [29], on the
basis that for most assertive statements we cannot answer this question definitively;
for example, almost all propositions about the past or the future have an inherent un-
certainty. At best, we can find evidence for believing P rather than for holding some
contrary belief. A better question, therefore, would be: “Can agent A justify his belief
in P?” This is the essence of verificationist semantics.

Habermas, in his philosophy of communicative action, extended verificationist ideas
to statements other than those concerning factual propositions [10], for example, to
expressions of preference and to imperative statements. In doing so, he asked how such



statements may be justified. One may justify a command, for example, by reference to
some social relationship in which the speaker is superior to the hearer. This viewpoint
led Habermas to revise Searle’s typology of speech acts [10, pp. 325-326], and we have
used this revised typology as the basis for our own classification. Our typology is based
on, firstly, the entities referenced by the utterance, for example: states of the real-world,
internal mental states of the speaker, or the social relationships between participants;
and secondly, on the nature of attacks which may be made on an utterance of each type.
These attributes are described below and summarized in Table 1.

Table 1. Typology of Speech Acts

[No. [Type [Referants [Basis of Attack
1 |Factual Statements Real-world states Verifiability
2 |Expressive Statements Internal mental states of Speaker Sincerity
3 [Social Connection Statements |Social relations Normative rightness
4 |Commissives Social relations Sincerity
Internal mental states of Speaker Feasibility
Consequences
Efficacy
Etc
5 |Directives Social relations Normative rightness
Internal mental states of Speaker Feasibility
Internal mental states of Hearer Consequences
Efficacy
Etc
6 |Inferences Consequences of earlier utterances |Inferential validity
7 |Argumentation Statements Content of utterances Dialogical rightness
8 |Control Statements Form of utterances

. Factual Statements: These are statements which claim to represent the state of

the external world, and so may be objectively-verified. Examples are statements
of belief about factual matters. For these statements, reasons for belief may be
requested and provided. Contesting such a statement means denying that it is a
true description of the reality external to the dialogue. Defending such a statement
involves providing objective verification for it, or the provision of means by which
it may be objectively verified.

. Expressive Statements: These are statements which seek to represent the state of

the internal world of the speaker, i.e., they aim to reveal publicly a subjective pref-
erence, a value assignment, or an intention. As with factual statements, the reasons
for a speaker having the mental states revealed by a value statement may be re-
quested and provided. However, value statements cannot be objectively verified or
refuted; instead, only the sincerity of the speaker may be challenged. Sincerity of a
speaker’s internal states may be assessed, for example, by the consistency of these;
if a speaker knowingly expresses conflicting intentions, a hearer would be entitled
to conclude that the speaker is not sincere about one or more intentions. Similarly,




assessment of a speaker’s sincerity may involve issues of trust and reputation, as
perceived by the hearer.

3. Social Connection Statements: These are statements which assert some social or
other relationship between different participants. Examples of such relationships
include: employer and employee; customer and supplier; peers; etc. Again, the rea-
sons for a speaker asserting a particular connection may be requested and provided;
contestation of these utterances takes the form of challenging the normative right-
ness of the relationship.

4. Commissive Statements: Here, the speaker desires that the world be in a particular
state, and so commits to the hearer to undertake some action or course of action to
establish or maintain this world state. Promises and vows are examples. They are
stronger than merely expressive statements because, if accepted, they create obli-
gations on the speaker in the world beyond the dialogue. Accordingly, they make
reference to both the internal mental states (eg, desires, intentions) of the speaker
and to the social relations existing between speaker and hearers. Because they refer
to internal states, they may be challenged on the grounds of sincerity. They may
also be challenged on substantive grounds, eg: their direct or indirect costs and
benefits; their opportunity costs; their consequences; their practical feasibility; etc.

5. Directive Statements: Here, the speaker desires that the world be in a particular
state, and so seeks that the hearer commits to undertaking some action or course of
action to establish or maintain this world state. Requests, commands, warnings and
entreaties are examples of these statements. As with commissives, they are stronger
than merely expressive statements because, if accepted, they create obligations on
the hearer to the speaker in the world beyond the dialogue. They make reference
to the internal mental states of both the speaker (eg, desires) and the hearers (eg,
intentions) and to the social relations existing between speaker and hearers. They
may be challenged on all the substantive grounds for which commissives may be
challenged, in addition to contestation of the normative rightness of the social con-
nections required for their valid utterance.

6. Inference Statements: These are statements which refer to the content of earlier
statements in a dialogue, drawing inferences from them or assessing their implica-
tions. Contestation of such statements can take the form of questioning the appro-
priateness or the validity of the inferences made.

7. Argumentation Statements: These are statements which refer to the contents of
prior speech acts, for example, questions, challenges, and requests for justification.
These acts may be attacked on the basis of inappropriateness, timing or dialectical
validity. They may also create dialectical obligations on the part of the speaker
and/or the hearers.

8. Control Statements: These are statements which refer to speech itself, aiming to
synchronize communication. Examples of such statements are requests to repeat an
utterance, or acknowledgments that an utterance was received.

Both commissive and directive statements concern commitments to undertake an
action (or a course of action) to create or maintain a state of the world in which spec-
ified propositions are true. Because of these commitments, the allowable attacks for
these statements are stronger than are those for expressive statements. Thus, for ex-
ample, promising someone to undertake a specific action is a stronger statement than



expressing an intention to undertake it. It is for this reason that we consider commis-
sives as a separate class of speech act, rather than being considered as a subclass of
expressive statements.

Table 2. Classification of FIPA ACL locutions

[Locution Type [FIPA ACL Locutions |

Factual Statements confirm
disconfirm
failure

inform

inform-if
inform-ref
query-if
query-ref
Expressive Statements inform

Social Connection Statements |inform
Commissives accept-proposal
agree

propose

refuse
reject-proposal
Directives cancel

cfp

request
request-when
request-whenever
Inferences inform
Argumentation Statements
Control Statements not-understood
propagate
proxy
subscribe

Does the FIPA ACL support all types of statements? To answer this question, we
classified the 22 locutions of FIPA ACL according to our typology (Table 2). As can be
seen, making expressive statements, social connection statements or inferences requires
use of the inform illocution, the same illocution used to make factual statements. This
conflation creates problems for the designer of argumentation-theoretic combination
rules for locutions, for such rules would need to examine the content of an inform
utterance to determine what locutions are valid in response. Moreover, Table 2 also
shows that none of the FIPA ACL locutions relate to argumentation; this supports the
criticism, made in [17], of an impoverished argumentation theory underlying FIPA ACL.

It would be possible to design a new generic Agent Communications Language us-
ing this typology. In doing so, it would be sensible to build on the FIPA ACL, which
(one might argue) is strong in illocutions for factual statements, for commissives and



for directives. A new generic ACL could also build on the recent work in the agent com-
munications literature on social semantics, which considers utterances in a dialogue as
means to manipulate inter-participant commitments in some wider social institution [3,
24]. The work on social semantics therefore provides illocutions by which commis-
sives and directives may be uttered, responded to, and modified, and a framework for
viewing these illocutions. Finally, recent research has also considered illocutions for
inter-participant synchronization, the category of acts we have termed Control State-
ments [19]. Combining all this prior work to design a new generic ACL would be very
ambitious, and so for this paper, we consider only illocutions for argumentation.

3 Protocol Syntax

We now present a protocol for undertaking arguments over statements in a dialogue.
The statements made in the argument may be any of the first six types of illocutions:
factual statements, expressive statements, social connection statements, commissives,
directives, and inferences. Our aim here is to define a concise, generic protocol which
can be used on its own, or incorporated into other interaction protocols or ACLs (in-
cluding FIPA ACL).! For ease of reference, we name the protocol Fatio.?
Our syntax for utterances will be:
illocution(P;, ¢) or illocution(P;, P;, ¢)

where illocution is an illocution, P; is an identifier for the agent making the utterance
(the speaker), P; # P; denotes an agent at whom the utterance is directed, and ¢ is the
content of the utterance. It would also be possible to have an identifier for the intended
recipient (the hearer) of the utterance, but for simplicity we assume all utterances are
made to the entire group involved in the dialogue. For the content of the utterance, any
agreed formal language may be used. We will assume the content layer is represented
in a propositional language, with lower-case Greek letters as propositions. We denote
the set of these well-formed content formulae, closed under the usual connectives, as
C. These propositions may represent objectively-verifiable statements about the world,
or internal preferences, or intentions, or commitments, etc. Because we wish to use the
protocol to exchange justifications for claims, some utterances will also have content
comprising arguments (eg, premises and inference-rules), which will be represented by
upper-case Greek letters. We denote the set of these well-formed argument formulae,
closed under the usual connectives, as .A. Note that C is a proper subset of A. If ¢ € C is
a proposition in the content language and @ € A is a justification, we will write & -+ ¢
to indicate that @ is an argument in support of ¢, and @ -~ ¢ to indicate that @ is an
argument against ¢. Finally, we assume that time is discrete and may be represented by
the natural numbers, and that precisely one utterance occurs on each time-step. The first

! If used as a stand-alone protocol, additional locutions for entry to, withdrawal from, and termi-
nation of the dialogue would be necessary [15]. These could be taken from another protocol,
eg, [13].

2 After Nicolas Fatio de Duillier (1664—1753), a Swiss mathematician and polymath, and fa-
mous disputant, on Newton’s behalf, with Leibniz over who had invented the differential cal-
culus [4]. Fatio was also the originator of the “Push” theory of gravity [12].



utterance of each dialogue is made at time-step 1. For simplicity, we do not include a
time stamp in the syntax.

Before proceeding, we note the differing usages of the word “commitment” in the
agent communications and argumentation literatures.® In the early dialogue game litera-
ture in philosophy, commitments refer to dialectical obligations incurred by participants
inside a dialogue, and may have no relationship to the true beliefs or actions of the par-
ticipants [11]. More recently, philosophers of argumentation have defined commitments
more broadly, to include actions intended to establish or maintain a particular state of
the world, including states of the dialogue [27]. Commitments as actions external to the
dialogue is closer to usage in agent communications literature, eg, [24].

For the Fatio protocol, we reserve the word commitment to refer only to actions ex-
ternal to the dialogue: in other words, only commissive and directive statements make
reference to commitments. We use the term dialectical obligations to refer to commit-
ments inside the dialogue, for example, an obligation within a dialogue to defend an
assertion against attack by another participant.

We now define the five legal locutions in Fatio:

F1: assert(P;, ¢): A speaker P; asserts a statement ¢ € C (a belief, an intention, a
social connection, an external commitment, etc). In doing so, P; creates a dialectical
obligation within the dialogue to provide justification for ¢ if required subsequently
by another participant.

F2: question(P;, P;, $): A speaker P; questions a prior utterance of assert(P;, ¢) by
another participant P;, and seeks a justification for ¢. The speaker P; of the ques-
tion creates no dialectical obligations on himself by the question utterance.

F3: challenge(P;, P;, $): A speaker P; challenges a prior utterance of assert(P;, ¢) by
another participant P;, and seeks a justification for ¢. In contrast to a question, with
this locution, P; also creates a dialectical obligation on himself to provide a justifi-
cation for not asserting ¢, for example an argument against ¢, if questioned or chal-
lenged. Thus, challenge(P;, P;, ¢) is a stronger utterance than question(P;, P;, ¢).

F4: justify(P;, & T ¢): A speaker P; who had uttered assert(P;, ¢), and was then
questioned or challenged by another speaker, is able to provide a justification
® ¢ A for the initial statement ¢ by means of this locution. The utterance
Justify(P;, @ F~ ¢) is similarly defined.

F5: retract(P;, ¢): A speaker P; who had uttered assert(P;, ¢) or justify(P;,® T ¢)
can withdraw this statement with the utterance of retract(P;, ¢) or the utterance of
retract(P;, & -1 ¢), respectively. This removes the earlier dialectical obligation on
P; to justify ¢ or @ if questioned or challenged.

As part of the protocol, these locutions are subject to several combination rules [15]:

CR1: The utterance assert(P;, ¢) may be made at any time.

CR2: The utterances question(P;, P;, ¢) and challenge(P;, P;, ¢) may be made at any
time following an utterance of assert(P;,¢). Similarly, the utterances
question(Pj, P;, @) and challenge(P;, P;, ) may be made at any time following
an utterance of justify(P;, ® -1 ¢).

? Note that we are not using the word in the sense of an agent’s persistent intentions.



CR3: Immediately following an utterance of question(P;, P;, ) or challenge(P;, P;, ¢),
the speaker P; of assert(P;, ) must reply with justify(P;,® +T ¢), for some
P c A

CR4: The utterances question( Py, P;, ¢) and challenge( P, P;, ¢) may be made at any
time following an utterance of challenge(P;, ¢).

CRS: Following an utterance of question(Py,, P;, ¢) or challenge( Py, P;, ¢), the speaker
Pj of challenge(P;, $) must reply immediately with justify(P;, A == ¢), for
Aec A

CR6: The utterance retract(P;, ) may be made at any time following an utterance of
assert(P;, ¢). The utterance retract(P;, $) may be made at any time following an
utterance of justify(P;, ® -1 ¢).

We may ask why each locution is needed. assert(.) is necessary in order that some
assertion be made explicitly which can form the basis of argument. If these locutions are
added to an existing ACL, then an existing illocution could be used for assert(.), pro-
vided it is given an appropriate semantics. For instance, in FIPA ACL, inform(.) could
be used, so long as it given the semantics assigned to assert(.) in Section 4. Then, given
a claim, other participants need illocutions to request justifications for the claim from
the original speaker. Both question(.) and challenge(.) enable this. Once questioned or
challenged, an illocution is needed to enable the original speaker to present her justifi-
cation for the claim; this is made possible with justify(.). In the course of an argument, a
rational speaker may change her view on the matter under discussion, and therefore an
illocution is needed to enable the speaker to express this self-transformation [17]; the
illocution retract(.) enables this.

Another question here is why both question(.) and challenge(.) are needed. The
answer lies in the semantics of the two locutions. On the basis of the informal definitions
above (and ignoring any complications due to the timing of utterances), one could say
that the utterance:

challenge(P;j, P;, ¢)
is equivalent in effect to the sequence of two utterances:

question(P;, P;, ¢)

assert(Pj, —¢).
However, this equivalence only holds if the propositions concern beliefs and the Law of
Excluded Middle (LEM) is assumed. Participant P; may have an argument against ¢,
but no argument in favor of —¢; if LEM is not assumed, then having a negative argument
against one is not necessarily the same as having a positive argument for the other.
Similarly, if, for example, the propositions concern intended actions, then attacking a
proposed action ¢ is not at all the same as supporting a conflicting action included in
—¢. Moreover, one may agree with a proposed action, and yet feel required to challenge
it because one disagrees with the reasons advanced for it, as in [9]. Accordingly, we
retain both question(.) and challenge(.).

Another question is whether these locutions and combination rules are sufficient for
argumentation-based interactions. An obvious absence is a specific illocution to enable
a hearer P; to endorse or support an earlier utterance of assert(P;, ¢) by a speaker P;.
For some application domains, such as the scientific inquiries of [14], hearers may de-
sire to indicate partial or qualified acceptance, and so specific locutions are valuable.



However, for the generic protocol, participant P; can indicate acceptance with an ut-
terance of assert(P;, ¢). Another absence are specific rules regarding termination. We
have not included these in keeping with the absence of commencement and termination
rules in FIPA ACL. For the same reason, we have not included combination rules to
preclude malevolent, capricious or badly-coded agents from making repeated or mean-
ingless utterances.

4 Protocol Semantics

4.1 Axiomatic Semantics

An axiomatic semantics for a programming language defines a set of axioms which
the language obeys, such as the pre-conditions and post-conditions for each command
[25]. We give a formal, axiomatic semantics for the locutions of Fatio in terms of the
beliefs and desires of the participating agents, when the content of utterances under
the protocol refer to beliefs. This approach could equally well apply for other types of
utterance content, such as intentions, social connections, commitments, etc. We provide
such a mentalistic semantics in order to facilitate the use of these locutions alongside
those of the FIPA ACL, which locutions have been given such a semantics [7]. Our
choice of agent beliefs and desires as the basis for the semantics ensures consistency
with the axiomatic semantics SL of FIPA ACL. The classes C, A are as before.

Central to the axiomatic semantics are publicly-viewable stores to record dialecti-
cal obligations of the participants. Following [11], we define a private-write, public-
read store for each participant P; in the dialogue, called a dialectical obligations store,
DOS(P;), and containing the dialectical obligations currently incurred by P;. All par-
ticipants can view this store, but only P; may write to it (by means of the appropriate
utterances). We denote the contents of DOS(F;) by triples, (P;, X,Y"), where P; is
a participant, where X € C is a well-formed formula in the content language (here
a proposition about the world), or X € A is a well-formed formula in the argument
language, and Y € {4+, —}. The triple (P;, ¢, +) € DOS(P;) denotes that participant
P; has a dialectical obligation to provide justification or argument in support for the
proposition ¢, while the triple (P;, ¢, —) € DOS(P;) denotes that participant P; has a
dialectical obligation to provide justification or argument against the proposition ¢.

Our semantics is specified in terms of two classes of modal operators, {B;, D;},
where 7 is an agent identifier. Other symbols have the same definitions as in Section
4.1. These classes have the following intended interpretations:*

B;¢ : “Agent ¢ believes that ¢ is true.”

D;¢ : “Agent ¢ desires that ¢ be true.”

We also use simplified elements of FIPA’s action language [7, Annex A]; in particular,
we let

Done [illocution(P;, ¢), pre-con]
indicate that illocution( P;, ¢) has been uttered by participant P; with content ¢, and with
pre-conditions pre-con true just before the utterance. These operators may be embedded

4 Beliefs and desires are time-dependent. Because we are ignoring time in the locution syntax,
we also ignore it here. Note that the semantics SL of the FIPA ACL also ignores time [7].



to any depth. Accordingly, we can now define the locutions of Fatio in terms of these
modal operators and the done operator, presenting pre- and post-conditions for each
instantiated locution.

— assert(P;, ¢)
Pre-conditions: A speaker P; desires that each participant P;(j # 1), believes that
P; believes the proposition ¢ € C.
((Pi, ¢, 4) € DOS(Py)) A (V] # 1)(DiB; Big).

Post-conditions: Each participant P, (k # i), believes that participant P; desires
that each participant P;(j # 1), believe that P; believes ¢.
(P, ¢,+) € DOS(F;) A (Vk # 1) (V) # i)(BxDi B; Bi¢).

Dialectical Obligations: (P;, ¢,+) is added to DOS(P;), the Dialectical Obliga-
tions Store of speaker P;.

— question(P;, P;, ¢)
Pre-conditions: Some participant P;(i # j) has a dialectical obligation to support
¢ and participant P; desires that each other participant P (k # j), believe that P;
desires that P; utter a justify(P;, ¢, .) locution.
3i(i # §) (P, 6, +) € DOS(P,)) A (Vk # j)D;BiD;(3A € A)
Done |justify(P;, AET ¢), (P, ¢, +) € DOS(F))]))-

Post-conditions: Participant P; must utter a justify locution.
(3A € A) Done (justify(P;, A =1 ¢), Done |question(Pj, P;, $), (Pi, ¢, +) €
DOS(PR)))).

Dialectical Obligations: No effect.

— justify(P;, ® =1 ¢)
Pre-conditions: A speaker P; has a dialectical obligation to support ¢ € C, another
speaker P;(j # 1) has uttered a question(P;, P;, ) or a challenge(P;, P;, ¢) locu-
tion, and P; desires that each participant Py (k # ) believes that P; believes that
® € Ais an argument for ¢.
((Pi, ¢, +) € DOS(P;))A(Done [question(P;, P, ¢), (P, 6, +) € DOS(P,))] v
Done [challenge(P;, P, ¢), ((P;, 6,+) € DOS(P,)]) A
(36 € A)(Vk # ) (Di By Bi(@ - 9)).

Post-conditions: Each participant Py (k # i) believes that P; desires that each par-
ticipant P;(j # ) believes that P; believes that ¢ € A is an argument for ¢.
((Pi; &, +) € DOS(F)) A ((Bi, @, +) € DOS(P;)) A

(Vk #4)(Vj # i)(BkDi BjBi(9 - ¢)).

Dialectical Obligations: (P;, ®,+) is added to DOS(F;), the Dialectical Obliga-
tions Store of speaker P;.



— challenge(P;, P;, ¢)
Pre-conditions: Some participant P;(i # j) has a dialectical obligation to support
¢ and participant P; desires that each other participant Py(k # j), believe both
that P; desires that P; utter a justify(P;, A =+ ¢) locution for some A € A and
that P; does not believe ¢.
Ji(i # j)(((Pi, &, +) € DOS(F)) A (Vk # j)(D; B B;¢)
A(Vk # §)D;BpD;(3A € A)
Done |justify(P;, AET ¢), (P, ¢, +) € DOS(F))]))-

Post-conditions: Participant P; must utter a justify locution and speaker P; becomes
dialectically obligated to provide an argument against ¢ if questioned or challenged.
((Pj,¢,—) € DOS(P;) A (3A € A) Done [justify(P;, A =1 @),

Done |question(P;, P;, $), (P;, ¢,+) € DOS(F;))]].

Dialectical Obligations: (P;, ¢, —) is added to DOS(P;), the Dialectical Obliga-
tions Store of speaker P;.

— retract(P;, ¢)
Pre-conditions: For proposition ¢ € C, with (P}, ¢, +) € DOS(P;), P; desires that
each participant P;(j # i) believes that P; no longer believes ¢. For proposition
¢ € C, with (P;,¢,—) € DOS(FP;), P, desires that each participant P;(j # 1)
believes that P; no longer does not believe ¢.
((Pi, &, +) € DOS(F;) A (Vj # i)(DiB;~Bi))
V
(((Bi, ¢, —) € DOS(Py)) A (V) # i)(DiBj~=Bi¢)).

Post-conditions: Depending on the two cases in the pre-conditions, either each
participant Py (k # 1), believes that participant P; desires that each participant
P;(j # i), believe that P, no longer believes ¢, or each participant Py(k # i),
believes that participant P; desires that each participant P;(j # i), believe that P;
no longer does not believe ¢.

(P, ¢, +) € DOS(P;) A (Vk #10)(Vj # 1)(BxDiB;—B;id))

V

((Pi,¢,—) € DOS(P;) A (Vk #i)(Vj # i)(Be D Bj~B;d)).

Dialectical Obligations: Either (P;, ¢, +) or (P;, ¢, —) is removed from DOS(P;),
the Dialectical Obligations Store of speaker P;.

The illocutions justify(P;,® =~ ¢) and retract( P;, @) have similar semantics to that
for justify(P;, & = ¢) and retract(P;, ¢), respectively. Because C is a proper subset
of A, this semantics permits a speaker to use proposition ¢ as a justification for itself.
‘Whether or not this is acceptable to the other participants in a dialogue depends on their
attitudes at the time [18].

4.2 Operational Semantics

We also present an operational semantics for the Fatio protocol. An operational seman-
tics indicates how the states of a system change as a result of execution of the commands



in a programming language [25]. In this case, the commands in question are the locu-
tions in an argumentation dialogue conducted according the rules of the protocol.’

Our definition of the protocol in Section 3 was deliberately exclusively syntacti-
cal: we made no assumptions regarding the decision-making architectures or the mental
states of the participants before, during or after the dialogue in which they engage. Con-
sequently, any agent willing to submit to the defined rules of the argumentation dialogue
may participate in it, regardless of the meaning(s) the agent may place on the utterances
made. We believe this property ensures wide applicability. However, the rules for Fatio
are not sufficient to ensure the automatic generation of agent dialogues. To achieve this,
the individual participants need to be vested with mechanisms which will invoke par-
ticular utterances at particular points in the dialogue, responding to past and anticipated
future utterances. We call these mechanisms agent decision mechanisms, although they
still may be simulated by the participants, and thus bear little or no relationship to the
true decision-making processes or associated “mental states’ of the participants.

Agent Decision Mechanisms We present a portfolio of internal agent decision mecha-
nisms. Although defined here at a high level, each mechanism is readily implementable
using argumentation reasoning methods (D1-D4) or meta reasoning methods (D5).

D1(¢): Claim or Not: A procedure, for each statement ¢, to enable an agent P; to de-
cide to utter an assert( P;, ¢) locution. If the agent is vested with a reasoning process
using argumentation, as in [1, 18], then this procedure may operate by assessing the
arguments for and against ¢, and then deciding to speak or not on the basis of the
agent’s argument assertion attitudes [18]. The two outputs of this mechanism are:
listen and utter-assert(¢).

D2: React or Not: A procedure to enable an agent P; to decide to utter a
question(Pj, P;, ) or a challenge(P;, P;, ¢) locution, following an assert(F;, ¢)
utterance. As with mechanism D1, an agent using argumentation-based reasoning
may decide to speak on the basis of the agent’s argument acceptance attitudes [18].
The three outputs of this mechanism are: listen, utter-question(P;, ) and utter-
challenge(P;, ¢).

D3(¢): Defend or Not: A procedure to enable an agent P; with a dialectical obligation
to provide justification for some statement or argument to utter a justify(.) locution
to meet this obligation. This procedure could include, as a sub-procedure, the iden-
tification of the best justification for the statement at this time in the dialogue. The
two outputs of this mechanism are: listen and utter-justify(.).

D4(¢): Fold or Not: A procedure to enable an agent P; with a dialectical obligation to
provide justification for some statement or argument to utter a retract(.) locution.
The two outputs of this mechanism are: listen and utter-retract(.).

D5: Listen or Do: A procedure to await a new utterance from other participants, and,
upon its receipt, to decide which of the four classes of mechanisms D1-D4 to exe-
cute. The five outcomes are: listen and do-mech(Di), fort = 1,2, 3, 4.

5 Other agent communications protocols for which operational semantics have been defined
include the negotiation dialogue protocol of [13].



Note that mechanism DS is a meta-level decision mechanism, and may include proce-
dures for intention-reconsideration, as in [21].

Transition System We now present the transition rules of the operational semantics
for Fatio. We assume the participating agents are imbued with the decision mechanisms
above, enabling them to initiate utterances and to respond to utterances in the dialogue,
and so the states we will take to be the inputs and outputs of these decision mechanisms.
The locutions uttered in the dialogue effect transitions between states of the decision
mechanisms, as utterances serve as inputs to one or more of the mechanisms of the
participating agents, and then these mechanisms in turn produce outputs causing further
utterances in the dialogue. Thus, our operational semantics provides a formal linkage
between the dialogue utterances and agent decision mechanisms.

To define these links, we let the triple (P;,K, s) denote the mechanism with number
K and with an output s of participant P;. For ease of presentation, where a transition
is invoked by or invokes a particular output of a mechanism K this is denoted by the
specific output s in the third place of the triple; where no specific output is invoked, we
denote this by a period in the third place, (P;, K, .). Some transitions occur between
mechanisms of different agents by means of dialogue locutions; these are denoted by
arrows, labelled by the relevant locution number (F1-F5) from Section 3. Other transi-
tions occur between the mechanisms of a single agent; these are denoted by unlabelled
arrows. Where different agent subscripts appear in the same transition rule, they refer to
distinct agents. The rules are defined as follows, for any statement ¢, and for any agents
P;, Pj and Py:

TR1:
TR2:

5, D1(9), listen) — (P;, DS, .)
5, D1, utter-assert(¢)) Ll (P;, D5, listen )

(P,
(P,

TR3: (P;, D1, utter-assert(¢)) Ll (Pj, D5, do-mech(D2) )

TR4: (P;, D2, listen) — (P;, D5, . )

TRS: (Pj, D2, utter-question( P;, ¢) (Pj, D5, listen )
( (Pi, D5, do-mech(D3(¢)) )
(
(
(

)

TR6: >
Pj, D2, utter-question( P; )) (Pk, D5, listen )

»®)

)

TR7:
TRS:
TRI:

Pj, D2, utter-question(P;, ¢)
Pj, D2, utter-challenge(P; } <Pj, D5, listen )

Pj, D2, utter- Challenge(Pz, ) (Pz', D5, do-mech(D3(¢)) )

TR10: (P;, D2, utter-challenge(P;, ¢ )> (Pk,DS, listen )
TR11: (P;, D3(¢), listen) — (P;, D5, . )

TR12: (P;, D3(¢p), utter-justify(¢ )) 4 (Pz,DS listen )
TR13: (P;, D3(¢p), utter-justify(¢ )) (Pk,D )

TR14: (P;, DA(¢), listen) — (PZ,D )

TR15: (P;, D4(¢), utter-retract(¢ )) (P DS, listen )
TR16: (P;, D4(¢p), utter-retract(¢ )> (Pk,DS )
TR17: (P, D5, listen ) — (P;, D5, .)

TR18: (P;, D5, do-mech(D1(¢)) ) — (P;, D1(9), . )



TR19: (P;, DS, do-mech(D2) ) — (P;, D2, .)
TR20: (P;, D5, do-mech(D3(¢)) ) — (Pi, D3(¢), . )
TR21: (P;, D5, do-mech(D4(¢)) ) — (Pi, DA($), . )

To illustrate the meaning of these rules, consider rule TR6, which indicates that when
agent P; utters locution F2 — question(P;, P;, ¢) — to agent P;, then P; initiates mech-
anism D5 with output mechanism D3(¢): Defend or Not. Transition Rules TR11-
TR13 show the possible transitions on from agent P;’s execution of mechanism D3.

S Example

We give a brief example of a dialogue conducted under the Fatio protocol, between
participants labelled A, B and C. The argument uses four propositions relating to a
fictional restaurant, the Brigade Brigade:

R: The Brigade Restaurant is excellent.

P: I had a great meal at the Brigade.

Q: I am vegetarian.

S: Vegetarian food at the Brigade is awful.
The dialogue proceeds as follows, with utterances numbered in bold, and annotation
following each utterance:

1: assert(A, R)
Agent A asserts that the Brigade Restaurant is excellent.

2: challenge(B, A, R)
Agent B challenges agent A’s assertion, and creates a dialectical obligation to defend a
contrary claim.

3: justify(A, PFT R)
Agent A justifies his assertion by stating he had a great meal at the Brigade.

4: question(C, B, R)
Agent C asks B to provide an argument for his claim, implicit in utterance 2, that it is
not the case that the Brigade Restaurant is excellent.

5: justify(B, Q & S+ R)
Agent B respond’s to C’s question, by claiming that the vegetarian food at the Brigade
is awful.

6: retract(A, R)
Agent A retracts his claim that the Brigade Restaurant is excellent.

7: question(C, B, Q)
Agent C questions B’s claim that that the vegetarian food at the Brigade is awful.



etc.

Although only a simple example, this illustrates the use of the Fatio protocol for argu-
ment-based interaction. Because FIPA ACL has no illocutions for argumentation, such
a dialogue is not possible using only the 22 illocutions of that language defined as in
the FIPA modal semantics.

6 Conclusions

The primary contribution of this paper has been to define a new protocol for argument-
based dialogue between autonomous, intelligent agents. The protocol, Fatio, allows
participants to make assertions, request justifications for assertions, make challenges
to assertions, provide justifications (or arguments) for assertions, and retract prior as-
sertions. The content of dialogues conducted under the protocol may range over any
domain: objectively-verifiable beliefs about the world beyond the dialogue; internal
mental states of the participants, such as their preferences and intentions; statements
about the social relationships between the participants; commitments of the partici-
pants to actions in the world beyond the dialogue; even dialectical obligations of the
participants to one another.

In this paper, we also presented a novel classification of illocutions in agent in-
teractions, drawing on speech act theory and the philosophy of communicative action.
The definition of the Fatio protocol presented illocutions in the class of Argumentation
Statements, namely utterances questioning, challenging and defending the contents of
other speech acts. As our work shows, this is a class of statements ignored by the FIPA
ACL agent communications language. We also presented both an axiomatic semantics
and an operational semantics for the Fatio protocol. The axiomatic semantics was de-
fined for the case where the content of utterances concerns the beliefs of the participants
and in terms of modal operators representing the beliefs and desires of the participants.
The basis of this semantics is similar to the semantic language defined for the FIPA
ACL. Thus, the five Fatio locutions could readily be added to the 22 standard FIPA ACL
locutions should an agent system designer so wish. Such addition would help to over-
come the impoverished argumentation theory of FIPA ACL. The Fatio protocol could
also be used on a stand-alone basis, or as an addition to other agent interaction proto-
cols.

It is well-known that the axiomatic semantics of the FIPA ACL is not verifiable
in general [28]. To seek to ameliorate this, in other work we have defined the notion
of a contestability semantics [16], in which claims made by agents in a dialogue are
contestable by other participants, who can question or challenge the claims, and seek
justifications for them. In this manner, agent claims may be assessed, for example, for
correspondence to the truth; for consistency; for sincerity; and so on. Such assessments
take place at run-time, in the dialogue itself, by the other participants as and when re-
quired, rather than being undertaken by the design teams in some conformance testing
process before any dialogue commences. The Fatio Protocol provides the means to un-



dertake such run-time assessments, and therefore is an operationalization of our notion
of contestability semantics.

In this paper, we articulated the syntax, an axiomatic semantics and an operational
semantics for the locutions of the Fatio Protocol. It should also be possible to define a
denotational semantics for the protocol, linking utterances made under the protocol to
the nodes and edges of a graph representing the arguments created by the participants
in course of a dialogue together. Such a graph would be similar in spirit to the argumen-
tation graph constructed by the participants in Thomas Gordon’s Pleadings Game [8].
‘We hope to explore these ideas in future work.
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